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COMPUTER-AIDED DESIGN OF SUPPRESSIVE SHIIELDS

SI • INTRODUCTION

r1This study was conducted to determine the feasibility of applying
computer-aided design (CAD) techniques and procedures to the design and
design evaluation of suppressive shields. At present, some 200 suppressive

r shield applications have been. identified in the Munitions Production Based
I Modernization Program. The present design procedure is costly and time con-

suming. Th1e use of CAD techniques in design and design evaluation of suppres-
sive shields will minimize design time and cost, improve design by incorpor-
ating optimized and safety approved methods, provide the ability to

i' ~analytically evaluate designs, and provide consistent, efficient, and accurate
design procedures.

The current Edgewood Arsenal Suppressive Shielding Program will
culminate in an engineering design handbook which will be used by architec-

j •*. tural and engineering contractors who prepare designs and specifications for
new or modernized munition production facilities. CAD procedures are plannedJ •" as an integral portion of this Suppressive Structures Handbook. These CAD

4 procedures will ha'!Ile tie tedious iterations of numerous and complex hand
calculations. Eventually, the complete design procedure will be computerized

' Iand intcractivei termivn-al sufLware will be the intertace between the computer
and the design engineer.

- This type of CAD system requires a large computer system capable of

conducting a multi-user time share operation with fast response. Many such
computer systems are available within the Government; one is the Edgwood

SArsenal computer facility cousisting of the UNIVAC 1108 computer system. The

EXEIC VIII operating system of the UNIVAC 1108 allows interactive terminals to
operate from remote areas via standard telephone communications.

if. CURRENT DESIGN METHODS

In the design of a suppressive shield, there are three main areas of

F engineering effort:

A. Analysis of the environment

A0 B. Shield design

SI C. Analysis of the design

There is feedback from each of these areas and each area employs a ofumbs a

analysis disciplines. Some computer programs are available to aid the
analysis, particularly in the analysis of blast and fragment effect8. A] so
available are some guidelines based on previous suppressive shicld designs.

!5
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TIT. CAI) APPLICATION

A. Equipment Configuration.

Thie general CAD equipment configuration is shown in figure 1.

The CAD application at the design station would incorporate an interactive

terminal located in the design area and connected to a computer system simi-
lar to Edgewood Arsenal's UNIVAC 1108 via telephone lines. This design
station would consist of an interactive graphics CRT with a hard copy unit

for display of results, and a keyboard typewriter for input and control. The
Suppressive Structures Handbook will define the specific design procedure.
The d&signer would enter, via a typewriter terminal, the commands for the

desi red type of analysis and the input for that analysis. Results would be
displayed on the CRT in tabulai and graphical form. The designer would be
able tlo make a hard copy of the results for further study. The terminal

wo,,ld require a low speed data conmnunications modem. Since this arrangement
would only require a standard telephone set, the location of the design sta-
tion would be flexible..

A System such as the Edgewood Arsenal's UNIVAC 1108 computer system

tmoni to r program for servicing the terminal requests. This monitor programwill be required for this application. Resident on that system could bemoio rga o evcn h emnlrqet.Ti oio rga •

wi.ll operate within the teleprocessing software of the operating system, and

will bring in the analysis programs required as a result of the specific

request. The analysis will be taken from the engineering design handbook.

These anialysis programs will reside on a mass storage device such as disk or
high speed drum as a Suppressive Structures Design Code file. These programs

will uSe design parom-ters which will reside in the Suppressive Structures

Data Base. This data base will also reside on a mass storage device.

'Tie system also could generaue- ,.nformation for an artwork generator i
consisting of a minicomputer and plou:ting system for generating drawings. r

B. Suppressive Structures CAD 9-rocedure. Lu
The design procedure is divided into the donor system analysis

Sand Lhu b!iMid debign analysis. A biock di.agram ol the design flow is shown

in figure 2.

The donor system analysis is conducted to determine the hazard

environment. The engineer/designer enters the donor system characteristics

"which de(fine the munition configuration. Then the blast, fragment, and
thermal characteristics are determined aIs shown in figure 2. These results

are displayed and stored on disk or drum for use later by the design program.

This part of the system defines the hazard environment and is not a part of 7

the design. Rather, the results of this sytem are used as input to the

design.

6

S: j : .,m ,-,



(I)PI)

p- rQ r

PL4 C4lF

4-

NJ



[JUNSIISINS DIAIALYt 'S MODIULE Of sutOW EFFECTS

CIIW ST VECML CIkISCTRNCSC

[ IHIT ULOTA CIANLTRITT%

PRESSURE VS TlIP }:ý DIRERA[C DS CITO
1SSIEVS DAPI1 5RCHW TAITI E TEN? VS TIME-

VrC.KSS OESTRIIIUI ONTON V NIC

""INs SISTRIBlmTOm

* PRINT RESUI.IV p l~yr ESULII
* -SREREUL S (IN DS

.,ORL.K 1,~l 1[ ' A A SISK

OFL 11ORjcyTiVL SYSTEMl

SHIELDNSIi ANALY~i.S

tlfr~l iCLYIGN SYSTl) EURI 'OIC S IN'

1:1 _ 11ATO
I','

DESIGN ANALYSIS COST DATA,

* ISIECrl['N AITURIJDLU
VS CR 1T11( A

AN' 11[SINC DREWS
VASTNI NG R FQ.S

*L~OSr AUALYSIs

* lASKI) ENVIRVIZIESNT

*Luk$) AftALI.SIS

ANAl CS)J l RS ULISYL

PWCIIC 1A llI1 EDlE

SM5 ['II'IAIYl

SmRUC ISUAL

FIGURE 2. DONOR SYSTEM ANALYSISt ~8 L



KIr
im

The shield design analysis system is the major portion of the CAD
environment. Here the engineer/designer first tells the system the degree of

r protection that is desired and the geometry of the environment. The sstem
then uses the results of the donor system analysis and displays informationon the CRT concerning the required shield configuration. q'he engineer then

a works interactively with the machine to select materials, type of shield, con-
figuration, etc. The machine, based on previous design information, provides
him with results of previous designs. When he has developed the design con-
cept, the system analyzes that design %ith respect to effectiveness and costI7 aind then displays the results. Upon his interpretation of the results, the
designer can modify the design and analyze it again or he can change the
requirements if the design is not feasible due to the constraints placed on
the requirements. It is important to note that the designer makes the final
decision and the system provides him with the information to make that
decision.

C. Data Flow.': The system consists of three program modules with five data bases

aind a file maintenance nodule. Thie data flow is shown in figure 3. These
be modules are, defined as follows:

1. Munitions Effects Modulle.

This system consists of a control program, mnRIition analysis
a" •programs, a files control program, and a results presentation program. The

control program is the interface between the engineer and the machine. It
h lonors his requests and loads those programs to conduct the required analysis.
The mnnition analysis programs are three separate programs consisting of a
blast effects program, a fragmentation effects program, and a thermal effects
program. This area is the only part of the total system where existing com-
puter programs may be utilized. 'Ilie applied technology effort on the current
suppressive shield project determines the existing programs that most effec-
tively apply to this analysis, The files control program creates the blast,
fragment, and thermal effects file to be used during the design anallysis.

S |csummary form at the designer's console or in a detail tabular preseita Lion.

2. Design Requirements Nodule.

rhis module consists of a control program, ai tiles program, a
design program, and a resolts 1)resentiat ion program. Th cntLrol program is
the interface between the engineer and the machine. The design program
analyzes the protection criteria and enclosure geometry, obt,:ais the hazard
data program from the effects file, atid determines the specific hazard to

tlat environment. It then uses the files program to obtaii inform.1 tian from
the shield data base and to deLermie e the shi ld parameLie'rs t., lice t the

!9I
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I desjiýner's constraints. The results presentation program provides a display
Iof te hijzard encotitered and shield performance as a function of the options

the designer can use in tile design.i
3. Design Analysis Module.

"this module consists of a contLOl program, a design program,a

design analysis program, a files program, and a results presentation program.
The control program again interfaces the man and the machine. The design

I- program requests specific design information from the engineer and, on request
from thu engineer, provides him with ifnforrmation from the materials data base.
"lh-- design analysis program conducts design optimization and, using informa-

tion from the cost data base and the safety data base, analyzes the effec-
tiveness of the design concept. The files program provides interface with
the data base. The results presentation program provides the results to the

r engineer in tabalar and graphical form.

4, Files Maintenance Module.

SThis module provides the capability to update and maintain all
'S al'. the data bases of the system.

I IN iv, FIPLEMENTATION

The detailed implementation of the CAD Suppressive Shields system
will be a coordinated effort between the design engineers, engineering
analysts, programmers, and computer facility operations personnel. A prelim-
"inary implementation schedule is shown in figure 4. The task deliniLtions and
level of eifort follows:

1. System Specification - This 2 month effort will result in a
detailed concept of the overall systcm. The specification will- present in

r detail the analysis, operation, data base structure, prograll mo(di Ic2c, and
data flow for the entire system. Tl.is effort will involve personnel l rolmP all

I - required -.-p.--r- n TL< Cve] u! ,jlfur L - 6 man monti•s.

2. Analysis Phase -i Tis Lack,] Wiii obtain all analyses to heý- uIsLd
[ .and will develop program algorithms that will be required. Level of efforrt

8 wan iiiootls

3. Program Motule Specifications - This task will dev-lop detailed
specifications for each program IuAdule . They will include -low ni irts ý,Ir
"bible nae• dictionaries block diagrams, etc. Level of e.ffort - 21 man

(4 monthss.

4. Ptocurement. Phase - 'T'lli tLask will obta[io nacessat y terminal

hardware to be used in th,-e sytenh. It is important th t thi-s equipmen t be
obtained for the prograjmuing and cIiekout phases - equinpeatC cost $12,000,

ii
Ii
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5. Programming Phase This task will generate the actual code for
the program modules. Level of effort - 32 man months.

C6. Program Checkout - This task will verify the individual programs

on the computer system. Level of effort - 18 man months.

7. Module Checkout - Tiis task will verify and check out thi' program

modules consisting of groupings of the individual programs. Level of effort

- 15 man months.

1i 8. System Checkout - This task will verify and check out the overall

system consisting of the program modules. There will be much interaction be-

F tween tasks 5, 6, 7 and 8. Level of effort - 9 man months.

9. Program Documentation - This task will provide detailed documen-

-- tation of the logic flow and construction of the programs to enable ease ofL maintenance and modification. Level of effort - 12 man months.

10. User Documentation - This task will provide detailed documentation

defining the use of the system. This explicit set of instructions and defi-

nitions will form a part of the engineering design handbook - 12 man months.

In addition to these tasks, 12 man months should be allocated to

Smanagement of this effort. Total leve] of effu&L is 152 man months and

$12,000 for equipment for a total cost of approximately $500,000.

SV. COST SAVINGS

The cost data is shown in figure 5 and the projected savings by year

is shown in figure 6. The manual design costs per shield and the projected

number of shields per year were obtained from experience at the Suppressive

Shielding Branch, Mechanical Process Technology Division, Manufacturing

Technology Directorate, Edgewood Arsenal. The design costs using CAD were

estimated from discussions with personnel familiar with the CAD procedure and

were then compared with the costs of the present suppressive shield design

procedure.

Vi. CONCLUSIONS AND RECOMMENDATIONS

It i.s concluded that computer-aided design procedures arc applicable

to the design of suppressive shields. Use of these procedures will improve

accuracy of design calculations. Suppressive shields designed by those pro-

cedures will be more reliable and economical than those designed by manual

[ design calculations.

It is recommended that a Manufacturing Methods and Technology project

to apply computer-aided design procedures to design of suppressive shields be

initiated as soon as possible after tme engineering design handbook is

c om1p le ted.
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